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Obloct : 

To  study  the  behaviour  of  cure  chromium  metal  when 
heated  in  atmosnherea  of  oxygen  and  nitrogen  and  to  obtain 
data  to  olot  a constitution  diagram  for  the  chromium-oxygen 
and  chromium-nitrogen  system. 


Summau’v! 

Aonaratus  for  the  preparation  of  Cr-0  alloys 
belov  the  dissociation  pressure  of  CrgO^  has  been  Imnraved 
to  the  point  where  a range  of  comoosltions  can  be  produced 
in  the  single  chase  pC -Cr  region  of  the  diagram.  -4  vacuum- 
fusion  emalysls  system  is  now  being  used  successfully  to 
analyze  these  alloys  for  oxygen.  To  date  sufficient  results 
have  been  obtained  at  1725®F  to  tentatively  fix  the 
solubility  limit  of  oxygen  at  this  temnerature  at  0.U5  to 
0.A9  wt.  Further  experiments  with  high  oxyeen  containing 
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atmospherefl  Inciloate  that  only  the  oxide  Cr203  is  formed. 
Attemotn  to  experimentally  entablleh  the  dlgaoclatlon  pressure 
vs.  temperature  curve  for  Cr203  by  means  of  "braoketting* 
the  temperature  at  various  partial  pressures  in  the  dlssoola- 
tlon  ranee  proved  to  be  time  consuming  and  Insensitive. 

However  results  Indicate  that  calculated  curves  published 
by  Lustman  are  too  low. 

For  the  Cr-N  system,  both  ammonia-helium  atmos- 
pheres and  nltromen-hellum  atmospheres  are  belnir  used  In 
conjunction  with  the  mlcro-*^ .lehdahl  method  of  anslysis  to 
produce  Isotherms.  Two  of  these  at  1652®F  (900°C)  are 
sufficiently  complete  to  elve  Information  about  the  con- 
stitution dlatrram.  Hith  the  atmospheres  hleh  nltroeen 
containing  alloys  are  obtained  which  establish  the  boundary 
of  the  Cr2N  phase  at  approximately  11^  nitrogen  by  weight 
at  this  temperature,  which  is  In  ke°plng  with  the  Stoichio- 
metric ratio.  ’^Ith  the  nitrogen  atmospheres  low  nitrogen 
alloys  are  obtained.  Date  presented  for  this  Isotherm  are 
Insufficient  to  definitely  establish  a point  on  the  dlsCTam. 

A high  temperature  furnace  has  b°en  constructed  enabling 
studies  to  be  made  up  to  3000°F.. 

Coincident  with  the  Isotherm  studies  the  effect  of 
time  of  treatment  on  approach  to  equilibrium  waq  studied. 
These  results  Indicate  that  practical  equilibrium  can  be 
approached  by  appropriate  treatment. 
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Some  hardnene  surveys  of  nltrided  solid  soeolinens 
are  'oresented  to  Indicate  the  relative  T)ropertles  of  the 
nitride  nhases. 

Studies  of  velftht  changes  during  nltrldlng  Indicate 
that  this  method  Is  ln8<=nsltlve  as  a means  of  locating  phase 
boundaries. 


Conclusions 

1 


Chromium  dissolves  annroxlraately  one  half  of 
one  percent  of  oxygen  by  weight  at  a temperature 
of  1725®F-  (9'10®C). 

2.  The  oxide  Cr20^  la  the  only  Intermediate  phase 
on  the  chromium-oxygen  constitution  diagram. 

3.  The  CP2N  phase  exhibits  low  solubility  for 
nltroeen  around  the  stoichiometric  ratio. 

h.  The  dissociation  pressures  of  the  CrN  phase 
and  Cr2N  Phases  at  90O0C  aooear  to  be  close 
to  each  other. 

5.  Ammonia  atmospheres  produce  hleh  nltroeen 
content  In  chromium  whereas  molecular  nitrogen 
atmosxjheres  produce  low  nitrogen  content. 

6 . The  structure  and  dimensions  of  the  Cr2N  phase 
are  very  similar  to  those  of  so-called 
hexagonal  chromium  as  reported  In  the  literature. 

7.  Nltrldlng  solid  chromium  specimens  produces  a 
very  hard  and  corrosion  resistant  case. 
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SCO^  OF  REPORT 


This  reoort  oovern  work  done  under  Contract  No. 
DA-30-115-0RD-32U’  between  the  dates  Julv  1.  1952  and 
December  31,  1952.  This  Is  a continuation  of  work  begun 
under  Contract  No.  DA-30-115-ORD-II6. 

As  there  Is  little  correlation  between  the  be- 
haviour of  chromium  In  the  two  different  atmospheres,  the 
procedure  of  nrevloua  renorts  has  been  followed  In  dividing 
the  main  portion  of  the  renort  Into  two  sections  as  follows! 
Part  A:  The  Chromium-Oxygen  System 

Part  B:  The  Chromium-Nitrogen  System 


INTRODUCTION 

Preliminary  work  on  this  problem,  which  included  a 
survey  of  literature,  construction  of  apparatus  and 
establishment  of  techniques  was  carried  out  under  the  previous 
contract  referred  to  above  and  Is  described  In  the  final 
report  on  this  contract  under  V.A.L.  File  No.  3**C-33-12. 

For  convenience  In  Introducing  to  the  work  In  this  report, 
brief  reference  win  be  made  to  this  material. 

As  previously  indicated,  one  of  the  most  generally 
used  methods  for  the  determination  of  metsl  gas  equilibria 
Is  the  "Isotherm  method".  Since  the  work  described  below 
makes  extensive  use  of  this  method.  It  win  be  briefly 
reviewed.  For  purposes  of  Illustration,  the  chromium-oxygen 


A' V.v  .V.-v  , 


7 


B.Vfltein  will  be  used,  although  the  ohromlvua-nltroeen  system 
would  serve  equally  well. 

This  procedure  can  best  be  illustrated  by  a diastram 
as  In  Figure  1_.  Several  equilibrium  alloys,  formed  at  a 
temperature  Tj^,  but  at  various  oartlal  pressures  of  oxygen 
less  than  that  necessary  to  form  Cr203  would.  If  analysed 
for  dissolved  oxygen,  give  data  wiiioh  could  be  plotted  as 
partial  xa*essure  oxygen  In  the  gas  vs.  wgt.  $ oxygen 
dissolved  In  the  chromium.  The  Intersectlonof  this  curve, 
which  would  have  to  be  slightly  extrapolated,  and  the  partial 
pressure  of  oxygen  necessary  to  form  Cr203  at  Tt  would  give 
a oolnt  on  the  solvas  purve.  Other  lines  on  the  equilibrium 
diagram.  If  they  exist,  can  be  located  In  a similar  manner. 
The  details  of  using  this  nrocedure  for  each  of  the  two  gas 
svstems  Involved  will  be  described  In  the  appropriate 
section  of  the  report  below. 


I’srt  A 

The  Chromium-Oxygen  System 


Introduction! 

Briefly,  the  facts  from  pr°vlous  work  on  this 
system  which  became  the  starting  point  for  this  report  are 
outlined  below. 

A literatur=  survry  established  that  Cr203  was 
the  only  oxide  to  be  expected  at  temperatures  greater  than 


1000®F , Thin  was  verified  using  cure  oxygen  for  temperatures 
ranging  from  1500-Z200<>F  ( 820-121 0»C)  for  18  hours. 

A transformation  of  chromium  from  Body  Centered 
Cubic  to  g Hexagonal  Close  FacFed  structure  was  found  to 
appear  when  pure  chromium  was  heated  In  a hydrogen  atmosphere 
at  temperatures  ereater  than  1800°F  for  long  periods.  This 
led  to  the  decision  to  utilise  oxygen  from  the  dissociation 
of  water  vapor  In  an  Inert  gas  such  as  helium  Instead  of 
using  hydrogen  atmospheres. 

The  partial  pressure  of  oxygen  at  various  tempera- 
tures due  to  the  dissociation  of  part  of  the  water  vapor  In 
helium  of  various  dew  points  was  calculated,  and  compared 
with  the  conflicting  dissociation  Pressure  curves  of  Cr203 
vs.  temperature  from  the  literature.  These  calculations 
showed  that  gas  of  dew  point  better  than  -60®F  to  -lO^F 
would  be  required  to  maintain  oxide  free  ciiromlum  from  1600«>F 
to  210nop  respectively, 

AIRCO  XX  welding  grade  helium  was  found  to  have 
dew  points  well  within  this  range.  However,  to  maintain'' 
this  dew  point  In  the  furnace  and  to  have  a combustion 
tube  of  lower  dissociation  pressure  than  chromium.  It  was 
found  to  be  necessary  to  use  a resTraotory  porcelain  Instead 
of  quartz  reaction  chambers,  which  were  found  to  be  porous. 

The  vacuum  fusion  method  for  analyzing  oxygen  In 
chromium  offered  sufficient  advantages  that  apparatus  was 
designed  and  constructed. 
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The  continuation  of  this  Investleatlon  la  deacrlbed 
In  the  following  pages.  Thla  work  can  be  divided  Into  3 nartat 

1.  production  of  oxide-free,  low  oxygen  chromium 
alloys  at  varying  partial  pressures  of  oxygen 
along  Isotherms 

2.  determination  of  ‘■.he  dissociation  pressure  curve 
of  CTgOg 

3 . chemical  and  structural  analysis  of  the  alloys 


Apparatus  and  Procedure* 

1.  Helium  Distribution  System 

High  grade  new  i-ubber  and  plastic  tubing 
■were  originally  used  to  transfer  the  dry  helium 
from  the  ttnk  to  the  dew  point  Indicator  or  to 
the  combustion  tube.  It  was  found  that  rubber 
Is  penaeable  to  moisture  and  that  the  Plastic 
Is  extremely  difficult  to  dry  out  by  flushing 
with  dry  gas.,  Slsss  was  utilized  on _ pr ellmlnary 
equipment,  ar.d  although  satisfactory,  was 
discarded  in  favor  of  copper  tubing.  The  entire 
distribution  svstem  Is  now  of  1/h"  copper  tubing 
with  solderles-s  compression  fittings.  All 
Joints  are  painted  with  glyptal,  and  all  needle 
valves  are  packed  with  a low  vaoor  pressure 
high  vacuum  grease.  All  of  these  precautions 
were  found  to  be  necesaai’y  to  avoid  moisture 
and  oxygen  pick-up.; 
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2.  Reaction  Chambers 

Straight  MeDanel  refractory  Boroelaln  con- 
buatlon  tubes  have  been  emnloyed  In  small  Kanthal 
wire  wound  laboratory  tube  furnaces  to  determine 
the  dlsaoclatlon  nressure  curve  for  Cr203*  This 
Is  accomnllshcd  by  utilizing  gas  of  a constant 
dew  point  and  approaching  the  unknown  tempera- 
ture of  dissociation  by  'bracketing*  from  above 
and  below. 

Two  McDanel  refractory  porcelain  combustion 
tubes  were  fitted  with  Pyrex  furnace  heads  (l), 
to  allow  quenching  through  the  fumace  atmosphere 
Into  a suitable  medium.  One  end  of  each  com- 
bustion tube  was  modified  to  fit  a standard 
Pyrex  Pipe  Flange  through  a gasket . 

As  refractory  porcelain  has  very  low  thermal 
shook  properties ■ It  was  found  necessary  to  use 
sheet  metal  strips  to  move  the  alundum  boats 
Into  the  hot  zone.  In  this  way,  the  edges  of 
the  strip  could  heat  up  very  quickly  to  the 
temperature  of  the  combustion  tube,  while 
supporting  the  more  slowly  heating  boat.  Vhen 
the  boat  had  reached  the  temperature  of  the 
hot  zone , the  boat  could  be  safely  Placed  on 
the  tube  and  the  strip  removed.  Fig.  2 shows 
schematic  sketches  of  both  types  of  furnaces. 


3,  Dew  Point  Controller 


It  was  found  that  there  was  Insufficient 
helium  In  one  tank  to  allow  *bracketlng*  of 
the  dissociation  temnerature  at  the  fixed  dev 
Dolnt  of  the  tank.  Therefore  It  was  necessary 
to  have  a means  of  obtaining  a series  of  fixed 
dew  oolnts  rsnelne  from  about  0»F  to  -60«F. 

A controller  was  designed  and  built  to  allow 
for  humidification  of  helium  as  It  was  drawn 
from  the  tank  and  Its  subsequent  refrigeration 
at  a constant  temnerature  to  elve  helium  with 
a known  constant  dew  nolnt.  For  exranle,  If 
ttss  of  dew  nolnt  -2P®F  was  required,  and  the 
tanks  of  helium  to  be  used  had  dew  nolnts 
ranelmr  from  -bO  to  -125®F,  It  would  be 
necessary  to  add  moisture,  raising  the  dew 
nolnt  to  about  -10®F,  then  refrigerate  at  -20®F 
to  freete  out  the  extra  water. 


The  tran  consists  of  8 feet  of  1/h*  oonner 
tublntr  In  a methanol  bath  cooled  by  a refrigerator 
unit  whose  temnerature  Is  controlled  by  a pressure 
regulator  on  the  vacuum  side  of  the  compressor. 
This  control  Is  accurate  to  1 h.5®F. 

Figure  3 shows  the  dew  point  controller  and 
the  helium  distribution  system.  It  can  be  seen 
that  the  by-nass  8u*ound  the  refrigerator  coll 
allows  for  checking  the  humidifier  operation.  All 
glass-metal  seals  are  made  with  deKhotln»ky  cement. 


k.  Vacuum  Fualon  Apt>aratu8 


The  vacuum  fusion  anparatua  has  been 
modified  slightly,  and  Its  ranite  extended.  The 
present  apparatus  Is  sketched  In  Fla.  A,  and 
photographed  In  Fig.  5- 

A complete  procedure  has  evolved  and  severs! 
determinations  of  dissolved  oxygen  In  chromium 
have  been  made,  as  well  as  checks  on  F.B.S. 
Standard  Steels.  This  procedure  Is  described 
below. 

(a)  Specimen  '“reparation 

Solid  specimens  are  prepared  by  the 
method  described  by  Alexander,  Murray  and 
Ashley  (2). 

Sintered  oxide-free,  low  oxygen- 
chromium  alloys  are  prepared  by  removing 
the  thin  oxide  layer,  which  always  forms 
as  the  alloy  cools  across  the  Cr203 
dissociation  pressure  curve,  and  rinsing 
In  acetone. 

As  chromium  Is  not  ferromagnetic.  It 
1s  necessarv  to  move  It  around  Inside  the 
loading  arm  by  means  of  Iron  Plugs  and 
magnets.  The  friability  of  th.e  sintered 
chromium  alloys  lead  to  the  use  of  soldered 
sheet  Iron  boats.  The  boats  are  weighed. 
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chromium-oxygen  alloyR  etjeclmen  olaced 
Inside,  and  the  RRsembly  Is  revelghed. 

These  are  then  manlnulated  In  the  loading 
aiTB  and  emptied  into  the_  crucible  by 
magnets.  After  analysis,  the  boat  can  be 
rewelghed,  and  the  total  weight  of  alloy 
actually  dron-jed  Into  the  crucible  ean  be 
calculated. 

(b)  Crucible  Prenaratlon 

The  crucible  design  and  quartz  thimble 
loading  is  according  to  Culdner  and  Beach  (3). 

(c)  Degassing 

After  the  quartz  thimble  Is  hung  In 
olace,  the  soeclmens  and  a suitable  amount 
of  oast  Iron  slugs  for  a flux  bath  are 
loaded  In  the  losidlng  arm.  The  joints  are 
then  sealed  with  Aoleson  wax.  Degassing, 
which  Is  Inltlat^  with  the  mechanlcsl 
oumos,  of  course,  must  be  done  very  slcwly 
and  carefully  In  stecs  of  less  than  1 cm. 

Hg,  with  sufficient  time  between  the  steos 
for  the  oresEure  to  equalize  throughout 
the  syatem.  In  this  wrv,  the  gas  adsorb°d 
and  traooed  In  the  -20n  mesh  granhlte 
nowder  about  the  granhlte  crucible  can  come 
off  without  blowing  the  nowder  around,  and 
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the  ■orenflure  cilfferenoee  throuehout  the 
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svflteiE  are  kept  low  enough  that  the 
velocity  of  gas  transport  Is  Insufficient 
to  blow  any  graohlte  out  of  the  furnace 
head  and  into  the  system. 

’flien  the  system  vacuum  is  below  the 
fore  pump  requirements  of  the  mercury 
diffusion  pufflPS.  the  latter  can  be  turned 
on.  Vhen  the  system  has  reached  its 
ultimate  vacuum  of  approximately  f>.2 
micron  Hg,  heat  can  be  applied  to  the 
crucible,  following  the  same  precautions 
on  gas  evolution  as  outlined  above.  A 
maximum  temperature  of  h530-h7l0®F 
(2500-260000)  is  used  for  2-3  hours, 
being  limited  by  the  softening  temperature 
of  the  'Oyrex  furnace. 

(d)  "Blanking*  the  furnace 

After  the  temperature  of  the  furnace 
has  been  cut  back  to  282O-309O0F  (l55^ 
I7OO0C),  five  or  six  h-5  gram  slugs  of 
cast  iron  are  dropped  into  the  crucible 
and  thus  melted,  '"’umping  is  then  con- 
tinued until  the  furnace  blank  reaches 
1.5-2  micron-liters/mln,  as  m.easured  in 
the  collection  volume,  including  volume  V. 
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McLeod  traugen,  and  the  first  throat  of 
ouino  ?2*  blank  gae  Is  analysed  by 

circulating  through  the  ooooer  oxide 
furnace  and  trancing  first  with  dry  Ice 
and  acetone  and  then  measuring  the 
nresBure  of  the  residual  gases  then 
trancing  with  liquid  nitrogen.  It  la 
also  necessary  to  know  the  blank  from 
the  Conner  oxide  furnace  through  both 
tynes  of  cold  baths. 

(e)  Specimen  Analysis 

The  system  is  Tximned  to  about  0.2 
micron  or  better,  and  S^  Is  turned  to 
allow  \ to  nuffio  gas  from  the  fumace 
Into  the  calibrated  volume.  Then  a boat 


containing  the  chromium  alloy  specimen 
Is  maneuvered  by  magnets  to  the  center 
tube  leading  to  the  crucible,  and  Is 
turned  over  to  dumn  the  specimen.  The 
gas  evolved  Is  collected  for  15  minutes, 
and  the  pressure  read  on  the  McLeod  gauge. 
During  the  gas  collection,  the  dry  Ice 
and  acetone  mixture  is  placed  on  the  trap. 
The  collected  gas  Is  then  circulated 
through  the  copper  oxide  furnace  at  550®F 
and  the  trap  by  for  10  minutes.  The 
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nrettnure  of  the  remaining  gae,  collected 
again  In  the  volume,  la  measured  and  the 
process  repeated  «lth  liquid  nitrogen 
around  the  trap. 

From  the  four  measured  pressures, 
and  the  previously  measured  blank  rates 
and  analysis,  weight  of  the  specimen, 
temperature  at  the  volume,  and  the  volume 
Itself,  It  1s  possible  to_ calculate  the 
weight  ^ hydrogen,  oxygen,  and  either 
nitrogen  (in  the  steels)  or  helium  (in 
the  chromium-oxygen  alloys). 


Results  and  Slscunslon! 

1.  Isotherm  Alloys 

Alloys  for  several  Isotherms  are  being 
made  but,  to  date,  only  those  for  an  Isotherm 
at  1725®F  (94i°C)  have  been  analyred.  The 
data  on  these  alloys  are  listed  In  Table  I 
below; 


TABLE  I 

IS'^THERH  AT  1725«>F 


M3^gy..gp.-. 


Dew  wolnt 
OF 


90-0 

60-0 

?A-0 


Oependltu;  on  vhloh  dignociation  curve  for 
CrgOg  Is  used  from  the  literature  (Gulbrangen- 
h3<>F,  Grube  and  Flad-50®F),  these  lead  to  a 
tentative  point  on  the  solvus  curve  of  0.h5  to 
0.h9  i oxysren  dissolved  in  chromium  at 
1725«F. 

2.  Dissociation  ''^esaure 

Using  2 tanks  of  He  which,  as  received  had 
dew  Dolnta  of  -62.  and  -Pl®F,  17  runs  were  made 
in  attemnts  to  "bracket*  the  temT>»*ature  at 
which  dissociation  took  dace  in  this  atmosphere. 
The  results  of  this  work  indicate  that  the  pro- 
cedure being  used  is  not  satisfactory  for  the 
following  reasons; 

(a)  It  is  a time  constnning  operation  for  the 
small  amount  of  data  obtained. 

(b)  The  rate  of  oxidation  is  very  rapid  once 
it  begins,  making  a "disappearing  phase* 
X-ray  method  practically  useless. 

(c)  The  only  method  of  determining  whether  no 
oxide  has  formed  is  visual  and  therefore 
uncertain. 

(d)  As  a result  of  b and  c,  results  are  on 
the  low  aide. 

On  the  basis  of  this  work,  however,  it  is 
apparent  that  the  theoretical  curve  of  Lustman 
is  low. 


to 
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3.  Chemical  and  Structure  Analyal’a 


Reeults  of  chemical  analyele  are  Included 
In  resulte  of  1 above.  It  Is  also  notevorthy 
that  analyses  of  IJ.B.S.-  Steels  by  the  vacuum 
fusion  aooaratus  are  vlthln  accexstable  limits. 

In  addition  to  the  use  of  X-ray  methods 
for  ohase  detection,  some  measurements  of 
lattice  narameter  of  alloys  made  below  the 
dissociation  nressure  of  Cr20^  were  attemnted 
to  see  If  any  variation  existed  with  varying 
oxyeen  content.  Measurements  were  made  on  the 
(211)  refl°ctlon  of  the  B.C.C.,  structure  for 
alloys  nrenared  at  1775“®'  (96s«>C)  as  follows; 


1^ 


TABLE  II 


Sample  Number 


Dew  Point 
OF 

-81 

-62 

mixture  of  chromium 
and  Ct203  to  get 
oxygen  solubility 
maximum 


I 

l| 

■}-yt 


No  measurable  chanmes  were  detected. 

Higher  Oxygen  Phases 

As  the  CrO^  has  been  listed  In  the  litera- 
ture by  ClVBudcn  et  al^^^  as  being  oroduc«d  from 
Cr20^  at  970"F  (520°C),  several  attempts  were 


made  to  duolloate  thin  without  Bucoenn.  Both 
chromium  and  0p2^  were  treated  from  to 

1220®F  for  l”-60  hours  In  both  air  and  oxyeen. 

All  oroduots  were  Cr20j.  It  is  of  Interest  to 
note  that  several  color  modifications  of  Cr203. 
blue,  ouTPle  and  brown  as  well  as  preen  have 
been  observed.  All  have  the  same  basic  crystalline 
structure,  as  shown  by  X-ray  diffraction. 


1^‘S 


Fart  B 

The  Chromlun'-Nltrogen  System 


i 


Introduction; 


Aa  with  the  chromlum-oxyKen  system,  work  to  be  re- 
ported below  Is  baaed  on  preliminary  studies  under  the  previous 
contract.  This  worlc  led  to  adoption  of  a suitable  nltrldlnp 
procedure  for  chromium  metal  and  to  a reproducible  method  fop 
chemical  analyala  of  aamplea  of  low  and  medium  nitrogen  con- 
tent. Difficulty  was  encountered  In  dlasolvinm  aamplea  for 
analysis  containing  the  hlpher  nitride  (CrN).  Both  the 
hexagonal  Cr2N  phase  and  the  CrN  phase  were  properly  Identified 
and  the  X-ray  powder  pattern  lines  properly  Indexed.  The 
latter  were  found  to  be  In  complete  agreement  with  those 
given  by  Bllx^^^  and  'Erlcson.^^^ 

The  theoretical  concepts  Involved  In  nitriding  of 
chromium  have  been  discussed  in  previous  reports.  It  nay  be 
of  Interest  to  review  them  briefly  here  as  they  affect  the 
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Dreaent  worlc.  Both  ammonia  gas  a id  oure  nitrogen  have  been 
uaed  as  the  nltrldlner  agent.  The  chemical  equations  In- 


volved are 


2 = Ng  + 3^ 

for  which,  at  any  temneratore  T, 

V = £ i;_ 


and/or 


for  which 


2N  (In  Cr) 


a^  (N  In  Cr) 


where  a la  the  activity  of  nitrogen  In  solid  solution 
In  chromium  metal. 

Since  the  K's  are  a function  of  temperature  only. 
It  becomes  obvious  that  for  experiments  where  the  or  1*2 
are  diluted  with  an  Inert  carrier  gas,  either  ’“uh^  or  ^H2 
may  be  Plotted  In  making  the  isotherm,  where  these  pressures 
represent  the  partial  pressures  of  the  gases  as  used.  Vhere 
hydrogen  Is  used  as  a carrier  gas,  a small  change  in  the 
equilibrium  win  result  In  the  c«se  of  ammonia.  This  win. 
In  general,  not  be  a large  enough  effect  to  change  the  shape 
of  a given  Isotherm. 


Apparatus; 

The  preparation  of  nltrlded  aaniplpa  has  been  carried 
out  in  three  furnaces. 

Two  of  these  are  Fanthal  wound  tube  furnaces,  which, 
travellnfc  on  an  overhead  rail,  may  be  removed  rapidly  from 
the  stationary  reaction  chamber,  thus  permitting  rapid  furnace 
cooling.  Each  furnace  is  equipped  with  two  thermocouples; 
one  in  the  winding,  and  one  in  the  reaction  chamber.  One  of 
the  two  low  temperature  furnaces  has  a - Pt  10^  Rh 
thermocouple  that  activates  the  temperature  controller*  and 
a chromel-alumel  thermocouple  inside  the  reaction  chamber 
for  measurement . On  the  other  furnace , both  thermocouples 
are  chromel-alumel.  One  reaction  tube  in  use  at  present  is 
made  of  quart*,  the  other  of  McDansl  refractory  porcelain. 

A complete  description  of  this  apparatus  may  be  found  in 
previous  reports.  The  set-up  has  been  modified  to  permit 
simultaneous  use  of  three  gases.  The  drying  train  has  been 
eliminated,  having  been  found  unnecessary  in  vsrled  ammonia 
and  nitrogen  with  helium  carrier.  A schematic  sketch  of 


the  present  apparatus  may  be  found  in  the  appendix  of  the 
present  report . 

The  high  temperature  furnace,  which  is  a recent 
addition,  has  been  designed  to  operate  at  temperatures  in 


See  last  report . 
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the  vicinity  of  3OOO0P.  with  a cower  conaumntlon  of  acTJroxl-_ 
mately  12  kw.  The  reaction  chamber  is  a “MoDanel  Zirootube* , 
having  nronertles  similar  to  the  McDanel  tubes  described  In 
the  first  cart  of  the  present  recart,  exaept  for  better 
thermal  shook  resistance.  The  furnace  Is  hosted  by  non-metallio 
heating  elements,  manufsotured  by  the  Carborundum  Company 
under  the  trade  name  "Clobar'' . The  furnace  contains  four  36" 
rlobars,  and  la  constructed  entirelv  of  high  temperature 
Alumina  and  Insulating  fire  brick.-  The  furnace  atmosphere 
Is  supplied  and  regulated  Identically  to  that  In  the  two 
previously  mentioned  furnaces.  The  temperature  Is  controlled 
by  means  of  a variable  resistance.  The  measurement  of 
temperature  has  been  more  difficult  at  the  elevated  tempera- 
tures reached  In  this  furnace,  due  to  the  limitations  of  the 
common  thermocouples.  Hence  a Leeds  and  Northrup  Optical 
pyrometer  hos  been  employed,  with  which  temperatures  good  to 
approximately  5“F  are  obtainable.  The  temperatui-es  were  ob- 
tained only  between  runs,  due  to  the  lack  of  peep  holes  or 
other  means  of  observing  the  specimen  during  runs.  The 
temperature  In  the  open  furnace  has  been  found  to  fluctuate 
over  about  20oF  during  a 2h  hour  period  at  a temperature  of 
280O0F. 


The  gases  used  In  the  present  experiments  are  the 
sajne  as  described  in  our  previous  report. 

Hloro-KJeldahl  Analysis 

This  apparatus  has  been  previously  described.  The 
detailed  analysis  procedure  as  now  used  Is  presented  In 
the  appendix. 


i 
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X-ray  Method 


1^' 


The  general  equlonent  In  uee  has  been  previously 
described.  In  all  Instances  a Debye -Scherrer  camera  with 
a rotating  specimen  mount  has  been  used.  Exposure  times 
of  six  to  eight  hours  are  necessary,  using  Cr^  radiation. 
An  aluminum  foil  filter  has  been  used  with  good  results 
to  reduce  film  background. 
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Experiments!  '°rooedure! 

1 . ''’reparation  of  ‘Jpeclmens  for  Phase  Diagram  ’^ork 

Powder  electrolytic  chromium  with  an  approximate 
Purity  of  99.55^  has  been  used  In  the  preparation  of  alloys 
for  equilibrium  determinations. 

About  1/2  to  2 gas  of  the  above  powder  In  an 
alundum  reactlonboat  is  placed  In  the  helium  flushed  quart* 
reaction  chamber,  while  the  furnace  Is  removed.  After  ilush- 
Ing  for  nn  additional  5 minutes,  the  active  gases,  H2,  M2 

or  a comblnatlon  of  these  Is  turned  on.  All  adjustments  sre 
made,  and  after  about  10  minutes,  during  which  time  the 
atmosphere  Inside  the  furnace  Is  believed  to  become  constant., 
the  furnace,  which  Is  at  the  desired  temperature.  Is  slipped 
over  the  reaction  chamber,  (see  Fig.  6)  The  first  temperature 
reading  Inside  the  reaction  chamber  la  taken  In  15  minutes., 
after  which  time  the  temperature  has  reached  Its  final 
magnitude . 


By  that  time  the  sped  mens  have  already  sintered. 


sxk; 


After  three  hours  the  furnace  shell  le  removed,  thus 
causing  the  specimens  to  cool  very  rapidly.  After  about  1 
minute  the  active  gases  are  turned  off  and  the  reaction 
chamber  once  more  flushed.  The  specimen  Is  then  removed,  re- 
crushed, end  re-treated  by  repeating  the  above  procedure  for 
another  three  hours.  After  another  re-crushing  the  specimen 
Is  re-treated  for  l6  hours  and  then  analveed  by  means  of  the 
previously  mentioned  mloro-Fjeldahl  method,  as  veil  as  X-ray 
Powder  method . 

2.  ■Prenaratl  . of  Specimens  In  Hltrh  Temperature 
Furnace 

One  or  two  grams  of  eleotroohrome  are  placed  In  an 
alundun  boat,  "hich  1s  Pushed  Into  the  hot  zone  of  the 
furnace.  The  properly  adjusted  atmosphere  Is  circulated 
through  the  furnace  at  least  1/2  hour  after  Insertion  of  the 
sample,  ^lor  to  closing  the  furnace  by  means  of  an  Insulat- 
ing Plug  and  sealing  with  litharge,  the  temperature  Is  taken 
by  means  of  the  previously  mentioned  optical  pyrometer  (see 
Fig.  7). 

The  time  of  treatmeni;  la  20  hours,  which  time  Is 
believed  to  be  sufficient  for  equilibrium  at  the  high 
temperatures.  Upon  comnletlon  of  the  treatment  the  specimen 
Is  nulled  Into  the  cold  zone  of  the  furnace,  where  It  cools 
within  about  2 minutes.  The  specimen  Is  then  removed  from 
the  boat,  and  nrenared  for  X-ray  and/or  KJeldahl  analysis. 


hi 
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3.  ■preT>aratlon  of  Soeciraens  for  Hardnean 
Detennlnations 

Four  solid  ohronlum  aoeolmenn*  have  be»n  treated  at 
1«32«F.  (lOno^C)  In  an  atmoanhere  of  lh(i^  Since  the 

accurate  temperature  controllers  which  are  In  ure  at  present 
were  not  as  yet  available,  the  accuracy  of  the  above 
mentioned  temperature  may  be  considered  good  to  only  i 10«>F. 

The  tines  of  treatment  were  65,  130,  200  and  280 
hours,  startlne  with  a new  specimen  In  each  Instance.  All 
but  the  130  hour  specimen  were  slow  furnace  cooled,  the 
latter  receiving  a rapid  air  quench. 

Each  specimen  was  mounted  and  prepared  for  metal- 
lotrraphlc  observation,  and  nlcro-hardness  surveys.  A number 
of  etching  reagents  were  tried  without  much  success,  though 
the  nltrlded  region  Is  observable  In  unetched  specimens. 

The  micro-hardness  survey,  uslna  a Kentron  Flcro- 
Hardness  Tester  wag  difficult  due  to  the  porosity  and 
brittleness  of  the  nltrlded  case,  the  heavy  load  (lOOO  g) 
necessary,  and  the  shallow  case  In  the  first  two  samples. 

Due  to  the  porosity  and  brittleness,  the  average  hardness 
value  may  be  lower  than  the  true  value., _ Since  the  case  was 
extremely  shallow  in  the  first  specimen,  no  hai*dness  profile 
is  reported  for  It. 


Received  through  the  courtesy  of  Fr.  D.  Bloom  of  H.I.T. 
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■Prior  to  nltridlnc,  each  RaBtole  waa  carefully 
Cleaned  and  the  aurface  activated  with  dilute  HCl. 

h.  Determination  of  the  Effect  of  Time  of  Treatment 
A preliminary  etudy  haa  been  made  to  detenslne  the 
effect  of  time  on  the  nitrogen  content  of  a aample  treated 
at  iSOfioF.  In  a lOOjJ  N2  atmosphere. 

All  aamolee  were  prepared  almllary  to  those  preoar^ 
directly  for  Isothermal  5^1*2  or  vs.  recovered*  Plata, 

and  the  samples  received  the  previously  deacrlbed  rapid 
furnace  quench. 

5.  X-ray  Diffraction  Studies 
Moat  samples  were  powdered  to  approximately  320 
mesh  In  preparation  to  examination  by  means  of  the  powder 
method.  X-ray  powder  patterns  for  the  body-centered  cubic 
Or,  the  CT2N  and  CrN  as  well  as  Cr20^  were  observed  as 
described  In  a previous  report.  The  relative  Intensitv  of 
the  nitride  lines  served  as  an  Indication  of  the  extent  of 
nltrldlng,  the  dissociation  temperature  of  the  Cr2N  phase, 
and  as  a guide  In  chemical  analysis. 

The  powder  specimens  were  made  by  extrusion.  A 
chromium  target  tube  at  a potential  of  hO  kv  suid  a current 
of  13  to  19  ma  was  used.  Exposures  of  rotating  specimens 
were  made  for  6-8  hours. 

6.,  Velffht  Change  During  Nitrldlng 
A small  sample  of  electrolytic  Cr  was  carefully 
weighed  In  a platinum  reaction  boat.  The  specimen  was  then 
treated  at  1'>32®F  (lOOnoc)  in  an  atmosphere  of  lOOjJ  for 
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▼arloun  ijerlods  of  time.  After  each  treatment  the  sample  vaa 
rewelghed  and  re— treated.  After  the  final  treatment  the 
sample  was  X-rayed  to  make  certain  that  a complete  transforma- 
tion had  taken  place.  The  sample  was  then  analysed  for  H 
by  the  J»icro-KJeldahl  Method.  Due  to  the  fact  that  the  trans- 
formation was  virtually  complete,  the  sample  could  not  be 
digested  completely  In  preparation  for  the  mlcro-KJeldahl 
analysis.  The  weight  of  the  sample  vs.  time  of  treatment  was 
Plotted . 


Results! 


1.  Ammonia-Hydrogen  Low  Temperature  Isotherms 
An  Isothenn  at  1652®F  (900®C)  using  mixtures  of 


- H2  was  prepared.  Nine  samples  were  treated,  analysed 
In  duplicate  and  the  results  Plotted  (see  Fig,  B).  Though 
these  samples  do  not  represent  true  equilibrium,  since  they 
In  all  Instances  contained  more  than  one  phase,  the  break- 
in  the  curve  Indicates  the  approximate  dissociation  pressure 
of  CrN  at  1652®F.  X-ray  patterns  of  the  series  gave  evidence 
of  the  presence  of  CrN  almost  throughout  the  Isotherm.  Below 
Is  a table  showing  the  "^N  recovered,  and  crystal  structures 
encountered. 

Though  by  means  of  the  foregoing  Isotherm  It  was 
Impossible  to  gather  Information  regarding  the  dissociation 
pressure  or  composition  of  the  Cr2N  phase.  It  appears  that 
the  single  phase  Cr2N  region  begins  In  the  vicinity  of  11^  N 
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TABLE  m 


pp  NH^  (atm. ) 

Vt^  N 

CrN 

CraN 

BCC  (alpha  Cr) 

.006 

none 

some 

some 

, — 

.009 

10.56  - 10.77 

none 

some 

some 

L- 

.010 

11  .A2  - 11.58 

9 

most 

none 

.015 

8.25  - 3.26 

none 

most 

? 

- 

.022 

faint 

most 

none 

■'V.' 

.032 

11.70  - 11.85 

faint 

most 

? 

1 

.07A 

13 .AO  - 13 -AA 

some 

most 

none 

.150 

16 .3A  - 13  .AA 

Rome 

some 

none 

11 

.17V 

19.20  - 21  .AO 

most 

some 

none 

y-f  - 

by  weight.  As  there 

appears  to  be 

no  evidence  of 

a change 

i 

in  shape  between  11 

and  21jt,  It  Is 

safe  to 

aefiume 

that  the 

1 

solubility  of  CrgH  for  nitrogen  Is  low._ 

Simultaneously  vlth  the  above,  another  Isotheirm 
wan  made  at  1«32°F  (lOOOoc).  This  Isotherm  consisted  of 
only  5 namoles.  The  work  wss  not  our  sued  further  due  to 
the  orenence  of  CrN  even  at  extremely  Ifv  pressures  of  NH^. 

The  table  below  gives  the  results  of  this  series. 


IfK 


TABLE  IV 

pp  PH3  (atm. ) Vt.St  Recovered  CrM  Cr2ll  BCC  (alpha  Cr) 
.0'^  7.11  - 7.10  none  most  some 

.015  10,70  - 10.83  1 most  none 

.07A  13.*^0  - 13. Ah  some  most  none 

,08A  11  .AA  - 12.92  some  most  none 

.177  19.20  - 21  .AO  most  some  none 
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The  above  Isotherm  win  be  continued  later  to  give 


the  dissociation  nressure  and  composition  of  the  CrM  phase 
at  the  Isotherm  temperature. 

2.  Nitrogen-Hydrogen  Low  Temoerature  Isotherm 

Another  Isotherm  was  nroduced  at  1652®P  (90n<>C) 

using  N2  - H2  atmospheres.  As  had  been  determined  previously, 
nitrogen  Is  not  a sufficiently ^severe  nltrldlng  medium  to 
yield  the  hleher  nitride  (CrN),  and  thus  the  gas  was  selected 
with  the  Intention  of  getting  the  dissociation  data  of  the 
Cr2N  Phase.  That  no  CrN  Is  obtained  with  nitrogen  atmospheres 
was  confirmed  by  the  X-ray  Investigation  reported  previously, 
and  the  fact  that  sajnples  of  this  series  dissolved  with 
relative  ease  In  dilute  sulphuric  acid. 

Though  analytical  results  are  at  present  Incomplete, 
It  la  apparent  that  a relatively  Isurge  amount  of  nitrogen 
(in  the  neighborhood  of  6%)  enters  the  chromium  lattice  when 
heating  In  air.  In  fact,  with  atmospheres  having  even  very 
low  partial  pressures  of  nitrogen,  this  appears  to  occur. 

3.  High  Temperature  Isotherm 

A high  temoerature  (2705®P  or  lh85°C)  was  made 
using  N2  - He  atmospheres  (See  Fig.  9).  This  series,  though 
not  yet  complete,  extends  from  10(15^  Ng  to  lOOjK  He.  Thus  far 
five  such  samples  have  been  produced. 

Upon  cooling,  the  samples  are  sintered  to  a much 
greater  extent  than  those  produced  at  lower  temperatures, 
as  could  be  expected.  No  oxide  film  has  thus  far  been 
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encountered,  thoueh  the  eoeclmene  are  virtually  air  cooled. 

A eannle  heated  for  20  houre  In  ^ atmoaphere  of 
helium  hae  a body  centered  cubic  structure,  vhereas  samples 
treated  thus  at  lower  temperature  showed  at  least  traces  of 
a hexagonal  structure. 

Most  samples  made  under  partial  pressures  of  ^2 
above  10^  contained  the  hexagonal  nhaae.  The  samnle  made 
with  lOO^  N2  may  contain  some  CrN.  Samples  produced  and 
nlotted  thus  far  are  listed  In  Table  V below. 


TABLE  V 


No  In  atm. 

Ht.<  N recovered 

Structure 

0 

O.lA  - 0.15 

3CC 

.15 

.9A  - .97 

BCC  & HCi^ 

.25 

8.0  - 8.3 

.75 

9.A5  - 10.00 

1.00 

12 .ho  - 12.64 

HCP  S'  7 

Cubic  CrN 


A.  Hardness  Determinations 

Hardness  profiles  of  three  of  the  four  specimens 
orepared  are  presented  In  Flee.  10.  11,  12.  The  nltrlded 
case  uPon  the  specimen  treated  for  the  lowest  period  of  time 
(65  hours)  was  too  shallow  to  permit  more  than  one  hardness 
reading.  No  profile  Is  hence  shown,  A photomicrograph  of 
the  hardness  readings  as  they  appeared  In  the  280  - hour 


nample  aTsrjearn  as  PI#!.  13.  The  aneolmen  aBueara  unetched, 
and  Is  presented  only  to  show  the  gradual  Increase  In 
hardness  between  the  matrix  and  the  case.  Under  the  mlcro- 
scooe  the  nltrlded  region  apoears  yellow  to  brown  (light), 
and  even  though  the  aoeclmens  had  a finished  surface  th»t 
had  been  activated  prior  to  treatment,  the  cose  was  uneven. 
The  latter  was  probably  due  to  porosity.  A maxlnuio 
hardness  reading  of  over  2200  knoop  was  recorded,  which  Is 
probably  the  nearest  to  the  true  hardness  of  CrN,  since 
porosity  and  cracking  Interfered  with  most  of  the  readings. 

The  specimen  receiving  the  most  rapid  quenching 
rate  exhibited  the  highest  hardness  value.  The  latter  was 
the  specimen  treated  for  130  hours.  Each  specimen  contains 
at  least  one  Intenaedlate  hardness  value  which  probably 
represents  the  region  of  the  lower  nitride,  though 

the  actual  hardness  of  Cr2N  could  beet  be  determined 
accurately  If  the  solid  specimens  were  treated  In  a nitrogen 
atmosphere . 


5.  Determination  of  the  height  Increase  due  to 
Pltrldlng 

The  Increase  In  weight  of  a specimen  treated  in 
an  atmosphere  of  lOOji  at  1000®C  has  been  observed  and 
Plotted  against  time  (see  Fig.  ih). 

After  numerous  such  ♦•-eatments  the  weight  became 
stable,  with  a weight  Increase  of  h-3.2  mg  In  a sample 
originally  weighing  286.8  mg.  Though  this  Increase  Is 
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Another  ssnple  was  treated  for  lonster  oerlods  of 
time.  Though  flnel  analytical  results  are  not  complete, 
they  at  present  anpear  ewatlc  due  to  the  presence  of  oxide 
In  the  samples.  They  do,  however.  Indicate  that  the  reaction 
rate  Is  extremely  alow  after  20  hours  of  treatment. 


General  Comments! 

Though  the  Isotherms  presented  are  Incomplete,  a 
definite  break  In  the  curve  may  be  observed  which  would 
theoretically  Indicate  the  transformation  conditions. 

However,  true  equilibrium  conditions  are  attained  only  with 
difficulty,  and  more  than  one  nlmae  was  found  to  coexist 
after  treatment  under  given  conditions  of  atmoanhere  and 
temnerature.  Hence  the  horlsontal  t>lateaus  should  be  dis- 
placed to  the  right,  and  higher  nitrogen  contents  corres- 
oondlng  to  transformations  recorded.  The  data  presented 
hereby  must  therefore  Involve  the  time  factor,  which  In  the 
nresent  case  Is  one  of  3 successive  re-treatments,  the  first 
two  lasting  3 hours,  and  the  last  lasting  16  hours. 

Difficulty  has  been  encountered  In  correctly  Identi- 
fying the  hexagonal  phase.  In  the  temperature  region  near 
2nonop,,  where  oure  Cr  should  have  a body  centered  cubic 
crystal  structure,  s hexagonal  structure  has  often  been  ob- 
served. This  nhase  may  have  been  CrgN  which  may  have  foraed 
due  to  Improper  flushing  of  the  furnace  or  a leak  if  the 
dissociation  pressure  of  this  nitride  Is  very  lew.  It  has 
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also  been  nugcceated  that  the  structure  nay  be  a hydride  of 
chroolun,  or  even  a hexagonal  phase  of  the  pure  metal. 

Vork  under  vcy  at  present  Includes  a low  temperature 
Isotherm  using  Hg  - ^2  atmospheres  at  a temperature  of  about 
14500F.  In  this  temperature  range  sintering  of  the  specimens 
la  almost  absent,  hence  equilibrium  Is  believed  to  be  more 
early  obtainable. 

It  has  recently  been  brought  to  at'^entlon  that  the 
nitrogen  content  of  the  bottled  hydrogen  In  use  at  this 
laboratory  contains  a great  enough  amount  of  Ng  as  an  Im- 
purity to  yield  Ct2N  after  prolonmed  times  of  treatment. 

This  would  explain  the  presence  of  the  hexagonal  phase  which 
could  heretofore  not  be  Identified. 

The  nl^oeen  could  be  removed  from  the  bottled 
hydrogen  by  means  of  calcium.  This  win  be  done  In  the 
near  future. 
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APPENDIX  I 

gCIffiMATIC  DIAGRAM  OF  NITOIDING  EQDI’yENT 


AT»PEHr)IX  II 


APPARATUS  AND  ^OCEDURE  FOR  NITROGEN 
DETERFINATION  IN  CHROMIUM 


Aoparatua! 


A standard  mloro-KJeldahl  distillation  apoaratus 
Is  used.  It  la  an  all  'Pyrex  glass  model,  with  standard  taper 
elaaa  Joints  and  cooks  to  prevent  every  possible  contamina- 
tion. The  steam  (teneratlng  flask  has  a capacity  of  500  ml. 
About  70  ml  of  alkaline  solutions  can  be  distilled  satis- 
factorily without  loss  of  sample  through  splashing  past  the 
upper  bulbs. 


Procedure ; 

The  procedure  adapted  Is  a modification  of  one  of 
Guschbacher ' 8 methods. 

A 0.1  to_0,2  gram  sample  la  weighed  out  In  a 250 
ml  Erlemever  flask,  and  20  ml  of  dilute  (l-A)  sulfuric  acid 
together  with  0.1  gram  sllenlum  powder  and  5 K®  potassium 
sulphate  are  added.  Digestion  Is  allowed  to  proceed  for 
two  hours,  whereupon  the  sample  Is  centrifuged.  The  solution 
Is  saved,  whereas  the  residue  la  further  treated  with  a 
fresh  portion  of  (lO  ml)  of  concentrated  sulfuric  acid,  5 ml 
concentrated  phosphoric  acid,  together  with  0.1  gm  selenium 
and  5 gm  potassium  sulfate.  Digestion  Is  continued  until 
the  solution  appears  clear.  The  latter  takes  from  5 to  lO 
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APPE-roiX  II  (Continued) 


hours.  The  combined  liquids  from  both  digestions  are  quanti- 
tatively diluted  to  lOe  ml  and  25  ml  samnles  distilled  over 
with  10  ml  of  sodium  hydroxide  solution.  The  ammonia 
Is  recovered  In  25  ml  of  O.Oi  H hydrochloric  add  and  the 
excess  acid  backtltrated  with  standard  0.01  N sodium 
hydroxide  solution. 


A dally  blank  la  obtained  In  similar  manner. 
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